Overuse injuries of the elbow and forearm are very common in athletes. This study was conducted to evaluate the effect of muscle stretching and deep friction massage with using wrist joint support during management of tennis elbow. This study included forty patients with tennis elbow divided into two equal groups: the first group with a mean age 38.1 ± 0.294 followed a physical therapy program in form of deep friction massage on the proximal attachment of wrist extensor muscles, the second group with a mean age 37.6 ± 0.253, submitted to stretching exercises of wrist extensors. Both of groups submitted to ultrasonic therapy with wrist splint during treatment period, three sessions per week for six weeks. Outcome measures were universal goniometer, visual analogue scale, and squeezing sphygmomanometer. The results showed that there was a significant improvement in ROM of wrist flexion and wrist extension, and handgrip in second group and it was more than in the first group while no significant difference in pain. This study showed that stretching exercise is more beneficial in the management of patients with tennis elbow.
Introduction
Tennis elbow (TE) is known as Lateral Epicondylitis (LE) or inflammation of the outside portion of the elbow presenting with soreness and tenderness. Lateral epicondylitis is one of the most common causes of elbow and forearm pain encountered in clinical practice commonly associated with resistant wrist or finger extension and gripping activities [1] . Tennis elbow affects 1% to 3% of the adult population, and it occurs mainly as episodes in the dominant arm of patients aged 35 to 50 years, and is equally distributed between men and women [2] - [4] .
Tennis elbow is a painful and disabling musculoskeletal condition predominant in the range from 35 to 50 ages, and often causes considerable pain in normal daily activities such as gripping and carrying and lifting. Tennis elbow is traditionally considered to be self-limiting, but may last for 6 -18 months. Its estimated prevalence in the general population is 3% -7% [5] . However, workers undertaking repetitive tasks are at greater risk, representing between 35% -64% of all cases [6] .
Tennis elbow is a common disorder amongst tennis players because all individuals are exposed to repetitive stress on the wrist extensors and they are at risk for developing the condition. The diagnosis of tennis elbow is based on clinical examination. However, in chronic cases, ultrasound, radiographic examination, and MRI may be useful to exclude other causes of lateral elbow pain [7] [8] .
Conventional treatment for tennis elbow has focused primarily on the pain management by anti-inflammatory medication, ultrasound, phonophoresis [9] , or iontophoresis. Various treatments have been attempted for tennis elbow including corticosteroid injection [10] , electrical stimulation [11] , acupuncture [12] , and splint. Surgical treatment is indicated in 5% -10% [13] of patients who did not improve from their symptoms with conservative treatment approach.
The conventional treatment intervention of tennis elbow is most often accompanied by exercise program which may include strengthening, flexibility, or endurance training exercises. For instance, Stasinopoulos et al. [14] recommended the use of static stretching of the Extensor Carpi Radialis Brevis (ECRB) and eccentric strengthening exercises for the wrist extensors in treating lateral epicondylitis. The early return of functional status is very useful for a sports person, as it will facilitate his/her return to sports in less duration. This improvement in functional status will also prevent disuse atrophy or muscle weakness resulting from less or no activity due to pain and disability caused by tennis elbow. It has been assumed that the underlying mechanism of pain relief secondary to friction massage may be due to modulation of pain impulses at the spinal cord level [15] [16].
Use of a wrist splint can be helpful because it places the extensor muscles in a position of rest and prevents maximal muscle contraction. Counterforce bracing (tennis elbow strap) is alternative orthotic that can be used during activity to unload the area of muscle origin at the elbow. Deep tissue friction massage helps to release underlying adhesions and promote improved circulation to the area. Flexibility, strength, and endurance of the wrist extensor muscle group can be achieved through a graded program. ROM for wrist flexion/extension and pronation/supination should be achieved prior to strengthening exercises. Strength and grip training should progress from isometric, concentric to eccentric contractions of the wrist extensors [17] [18] .
Passive stretching should be applied to the wrist extensors with the elbow extended. Patients are instructed that these exercises may cause discomfort at first but should not cause persistent pain. The offending activities are eliminated and the athlete is placed on a relative rest restriction [19] overload of the wrist extensors, which is considered to be a major pathogenic factor in lateral epicondylitis, and can be reduced by orthoses. There is a significant difference among biomechanical effect of orthoses [8] application of a wrist orthosis which reduces electrical activity of the wrist extensors to be less than anticipated during lifting [20] [21] . The aim of the current study was to compare the effect of deep friction massage versus stretching of wrist extensor muscles in the treatment of patients with tennis elbow.
Materials and Methods

Subjects
The study included 40 patients (22 males and 18 females). They were diagnosed with lateral epicondylitis at outclinic of orthopedic surgery, Kasr Elaini hospital. All of them were suffering from pain, limitation of ROM of wrist extension and flexion and hand grip weakness. They were divided into 2 groups. The first group followed a physical therapy program with a focus on deep friction massage on the upper attachments of wrist ex-tensor muscles, whereas, the physical therapy program of the second group focused on stretching of wrist extensors.
Instrumentations
1) Universal goniometer to measure ROM of wrist extension and flexion [22] . 2) Visual analogue scale to measure the pain severity [23] .
3) Squeezing sphygmomanometer to test the power of hand grip [24] .
Procedures
The patients signed an informed consent form, and were informed about the whole procedures before testing and training.
Treatment Procedures
The first group underwent the following physical therapy program: 1) Deep friction massage (5 minutes at the site of upper attachment of the common extensors of the wrist), 2) Ultrasonic therapy (3 minutes, 1.5 w/sec 2 in continuous mode), 3) Using of wrist splint (elastic bandage in functional position of the hand) during treatment period to prevent full flexion or extension and so to avoid over stress on the upper attachment of the common extensors of the wrist, and at the same time allow the movement of the wrist and hand at the same time. The treatment continued for three sessions per week for 6 weeks.
The second group, submitted to the following physical therapy program: 1) Exercise in the form of stretching of wrist extensors (5 repetitions, 30 seconds in position of stretching, 30 seconds in position of release (no stretching), with elbow extended), 2) Ultrasonic therapy (3 minutes, 1.5 w/sec 2 in continuous mode), 3) Using of wrist splint (elastic bandage in functional position of the hand) during treatment period to prevent full flexion or extension and so to avoid over stress on the upper attachment of the common extensors of the wrist, and at the same time allow the movement of the wrist and hand at the same time. The treatment continued for three sessions per week for 6 weeks.
Assessment Procedures
All the patients were assessed before treatment and reassessed after 6 weeks using: 1) Universal goniometer to measure ROM of wrist extension and flexion. The fixed arm of the goniometer was placed in parallel to the forearm and the movable arm in parallel to the ulnar side of the hand and little finger in 0 position then the subject were asked to flex and extend the wrist. Each movement was recorded for 3 times to get mean ROM) of wrist flexion and extension.
2) Visual analogue scale (VAS) to measure the pain which is represented from (0) grade to (10) grade, with zero means no pain and ten means intolerable pain, The subjects were asked to indicate the level of pain by placing a dash at the appropriate level on the 10 cm horizontal line.
3) Squeezing sphygmomanometer to test the power of handgrip. The change in pressure of sphygmomanometer was recorded before and after the treatment program.
Data Analysis
Minimum and maximum values, mean and standard deviation (SD) were used for descriptive statistics. The pre-and post-treatment values in the same group were compared using two tail-paired t-test, and the difference between two groups was compared using two tail-unpaired t-test at a confidence level of 0.05.
Results
Treatment with deep friction massage
There was a significant improvement of pain. Mean VAS values changed from (6.85 ± 0.93) to (4.3 ± 0.97). The ROM of wrist flexion increased from (58.5 ± 4.27) to (67.95 ± 3.89), and ROM of wrist extension increased from (40.8 ± 7.95) to (53.35 ± 4.59). The difference of hand grip after treatment was from (26.59 ± 3.65) to (30 ± 3.5), but this difference was not statistically significant (Table 1, Figure 1) . The results of the second group: There was a significant improvement of pain. Mean VAS values changed from (7.1 ± 0.78) to (2.55 ± 0.82). The ROM of wrist flexion increased from (60.3 ± 5.26) to (73.2 ± 4), and ROM of wrist extension increased from (42.35 ± 5.23) to (58.6 ± 4.39). The difference of hand grip after treatment was from (27.04 ± 3.84) to (53.4 ± 6.2) (Table 2, Figure 2) .
Comparison between Both Groups
There is significant difference between post measures of the first group and post measures of the second group of T. value of pain is 5.55, ROM of wrist flexion (T. value is 5.11), ROM of wrist extension (T. value is 3.88), and hand grip (T. value is 19.09) ( Table 3 ).
Discussion
The results of this study showed that there was a significant improvement of pain, and ROM of wrist flexion and extension in both groups where the focus of physical therapy was deep friction massage or stretching exercises of wrist extensors, respectively. It can be speculated that the stretching exercise can decrease spasm of the muscles and improve the circulation which decrease the concentration of metabolites, whereas the deep friction massage can modulate the nociceptive impulses at the level of the spinal cord through the "gate control theory" (inhabitation of the A-delta C fibers which responsible on transmitting the pain by stimulating the large fibers through substantia gelatinosa [25] This is explained by the following: The centripetal projection into the dorsal horn of the spinal cord from the nociceptive receptor system is inhibited by the concurrent activity (stretching and deep friction massage) of the mechanoreceptors located in the same tissues, leads to increased destruction of pain provoking metabolites, such as Lewis's substances (this metabolite, if present in too high concentration, causes ischaemia and pain), and also produces therapeutic movement by breaking down the strong cross links or adhesions that have been formed(softening the scar tissue and mobilising the cross links between the collagen fibres and surrounding tissues [26] - [29] .
Stasinopoulos and Johnson 2004, concluded that, it is a common clinical observation that application of deep friction massage leads to immediate pain relief. The patient experiences a numbing effect during the session, and reassessment immediately after wards shows reduction in pain and increase in strength and mobility [27] . It is suggested that ultrasonic therapy can relax the tense soft-tissues through its micromassage effect [29] . Our results are inline with previous studies which have shown that physical therapy treatment methods of stretching exercise, deep friction massage, and ultrasonic therapy are effective in relieving pain in the management of tennis elbow [27] [29] . The improvement of ROM of wrist flexion and extension can be due to pain reduction which consequently improved the muscle function. There was no significant improvement of hand grip in the first group due to overtension of the wrist extensor muscles, which is considered to be a major pathogenic factor in lateral epicondylitis, and repeated stress from the movement of the wrist joint. At the same time, there was significant improvement of hand grip in the second group as stretching exercises helped to regain the length of extensor muscles which in turn allowed maximal muscle contraction of wrist flexors, and thereby decreased overload of the wrist extensors [30] .
In comparison of results of both groups, there is a significant improvement of pain, improvement of ROM of wrist flexion and extension and hand grip in second group which using stretching due to decreasing and control the repeated over tension on the common extensors of the wrist during stretching, and allows maximal muscle contraction of hand grip [31] [32] .
The tension created through lengthening (stretching) allows the formation of new fibrous tissue at the musculotendinous unit, making it more resistant to damage. Other possible explanations for the positive effects on tendonitis include "lengthening" of the muscle-tendon unit, which might result in less strain during elbow joint motion, or "loading" of the muscle-tendon unit, which might increase the tensile strength of the tendon and cause hypertrophy of the muscle belly [31] [32] .
The results of the current study showed that the improvement in the second group was significantly more than the first group regarding pain, ROM of wrist flexion and extension, and handgrip force. This is explained by the assumption that the stretching exercises of common extensors of the wrist helped to lengthen the muscles and the use of wrist splint helped in unloading these muscles during movements, resulting in improved ROM of wrist flexion and extension and handgrip force.
Conclusion
This study shows that stretching is important to be included in the program of management of tennis elbow patients where it decreases overload of the wrist extensors and pain. It regains the length of extensor muscles, allows maximal muscle contraction of wrist flexors and power of handgrip. The results of this study suggest that stretching exercises of common extensors of the wrist can be effective for the management of tennis elbow patients.
